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The Dust Bowl drought of the 1930s ...

Was caused by ...
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Simulation of variability of precipitation over
the West: 1856-2005

Results based on atmospheric GCM forced by:

1. historical tropical Pacific SSTs, coupled to mixed layer ocean elsewhere (POGA-ML)
2. global SSTs since 1856 (GOGA)

3. Tropical Atlantic SSTs, climatology elsewhere (TAGA)

200 mb Height and Precip Regression on Great Plains Precip Index 1856-2000
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Modeled and observed Southwest
precipitation:1856-2000

GHCN Gridded (Solid), POGA-ML Mean (Dashed), +/- 2 STD (Grey) Precip 25N-40N, 95W-120W
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a) Tree Ring Re

consti ucted PD Sl

1890-1896 Ave age
b) Modeled Soil M oistur e

The 1890s drought -
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d) Modeled Precipitation
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Zonal mean dynamical
hydroclimate regimes
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The Dust Bowl

The 1950s

The most
recent
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North American droughts of
the 20thC fit into a
consistent global pattern

-Widespread drought in
northern and southern
mid-latitudes

- In the SST, the
common feature is a
cold equatorial Pacific -
La Nina

SST from ships, rain from gauges
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The 1998-2002 years of the
‘turn of the century’ drought

- a classic case of forcing by a
persistent La Nina

but 2002-2004 was different



Zonal mean
P-E (mm/day)
in turn-of-
century
drought

- accounted
for by MMC

- transient
eddy-driven
MMC does
the most
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Sept. 1000 - 3,602 ft. - 22 977 taf - B5% full

- A . A .

Sept. 2003 - 3,602 ft. - 11,977 taf - 44% full

e e e e e e e

Estimated Sept. 2004 - 3,577 ft. - 9,643 taf - 36% full

Minimum power pool - 3,490 ft. - 4,000 taf - 15% full
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Current conditions show drought continuing, despite
on again-off again El Nino-La Nina conditions ...

U.S. Drought Monitor  ©°%28.72°%

RS
(:h =
o
Infensity: Drought Impact Types:
[ | D0 Abnormally Dry ~' Delingates dominant impacts
1 D1 Drought - Moderate A= Agricultural (crops, pastures,
[ | D2 Drought - Savere grasslandsz) @
Il D3 Crought - Extreme H = Hydrological (water)
B D4 Crought - Exceptional ; .
., b4

| | ) UDA T ()&
The Drought Manifor focuses on broad-scale condilions, S -V Crougte Megatica o -l
Local conditions may vary. See accompanying fext summary
for forecast statements. Released Thursday, October 19, 2006

httpiﬂl:lmught.unl.eﬂuh:lm Author: Ned Guitman/Liz Love-Brotak, NOAANESDIS/INCDC



But what about the Atlantic?

mm/day

Dust Bowl Precipitation
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JJA (1930-1960) - (1960-1990)

Obs i P

60N
HadAM3, 40°N : A
forced by obs SST ... .

HadAM3 forced
by AMO SST

Sutton and Hodson (2005)



Is there a role for SSTs outside of the tropical Pacific?

Filtered GOGA - POGA-ML AWI (Dashed), TAI*10 (Solid) Corr —0.55

Difference in | | | | | | | |
precip over the B

West between | ‘ ‘ ‘
global and TP | | | W /\/\/\/

SST forcing ..

.. explained by
TA SST forcing

but ... 1860 1880 1900 1920 1940 1960 1980 2000
Filtered GOGA AW (Dashed), POGA-ML (Solid Black), TPI*10 (Solid Grey)

... NA precip
closely
follows TP
SSTS

1860 1880 1900 1920 1940 1960 1980 2000

So, yes, but secondary
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So, cold tropical Pacific and warm N Atlantic ideal for drought
(a configuration the POGA-ML ensemble-mean cannot create)



The Dust Bowl: a case of cooperative Pacific and
Atlantic SST anomalies
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Turning to the trees .....

...a millennial perspective on North American drought

(the past is scary)
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Cook et al.,
Science
(2004)






T T T T T T
z L 4
8
o - -
z =
8 3
2 L
2 £
3= Z"’ L. |
o
5 a
c
s 4
2 £
8
o - -
z
2 . 4
) ! L P L ! !
130W  120W 110W  100W o'W 80w oW 60W Jan Jan Jan Jan Jan Jan
Longitude 1856 1858 1860 1862 1864 1866
Time
T T T T T T
z L 4
3
~ N
z -
z 5
2t 4
8 £
3= Bo | i
22
5 o
c
g 4
A £
8
o - N
z
5 L 4
]
) ! P T BRI R L .
180W  120W  110W  100W  90W 80w oW oW Jan Jan Jan Jan Jan Jan
Longitude 1886 1888 1890 1892 1894 1896
ime
T T — T T T T T
z | L 4
8
L ~ B
i i
2
2+ 4
8 £
N Bo |- i
S
5 o
r c
s - 4
gr £
o L N
z
ar b ]
| | . =~ - . . ) ! P — T [ L
1BOW  120W 110W  100W  90'W 80w oW oW Jan Jan Jan Jan Jan
Longitude 1932 1934 1936 1938 1940
Time
T T T T T T
z L 4
2k
L ~ - B
z -
4l g
2t 4
s | £
E N go |- 4
o
5 o
r c
s - 4
sr £
8
o L a
z
sl F 4
. . . =~ . ] 5 ! L P P ! !
130W  120W 110W  100W o'W 80w oW 60W Jan Jan Jan Jan Jan Jan
Longitude 1952 1954 1956 1958 1960 1962

Time

Tree ring records
of modern
droughts

LHS = spatial distribution

RHS = PDSI history over
the ‘West'’
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Did permanent La Nina cause the medieval megadroughts?

- pattern suggests, yes, but with +ve AMO (stronger THC) also contributing

Records of Medieval Hydroclimate and SST
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Coral support for Medieval La Nina ....
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SSTA reconstructed from coral
0'30 for a 14th Century megadrought NINO34 SSTA
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now being used to force a climate model |
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... and oxygen isotope evidence for a warm Medieval subtropical
North Atlantic Ocean
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What caused the permanent Medieval La Nina?

Two possible contributors:
- increased solar irradiance

- decreased volcanism — increased surface solar

But this leaves 20thC a problem ...
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NUMBER OF HABITATION SITES
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CALENDAR YEARS A.D.

Drought and the ancestral Pueblo Indians

Studies of the Four Corners
region show

population boom and bust
related to megadroughts

Benson et al. (20006)
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CONCLUSIONS

North American droughts since the mid 19th Century forced by
1. Persistent La Nina-like conditions
2. Secondarily, a warm subtropical North Atlantic

Fit into a global pattern of hydroclimate with notable hemispheric
and zonal symmetry

Dynamics of the Pacific influence (on both zonal symmetric and
asymmetric response) well understood but Atlantic influence is not

Medieval megadroughts were likely similarly forced (but need to
explain the Medieval SSTs)

But the past can only teach us so much - the future is likely to
present some new dynamics for subtropical drying



SCIENTIFIC QUESTIONS

1. drought prediction requires tropical SST prediction

- what is the SST predictability on interannual to decadal timescales?
- given the SSTs, how accurate is the drought prediction (precip, soil

moisture, river flow ...)?
- but what happened from 2002 to 20067

2. even for S/I, can no longer ignore climate change and must move
towards CLIMATE CHANGE PREDICTION

assimilated and initialized global coupled model prediction-projections of
next decade or two with forcing scenarios to account for:

I. Evolution of natural variability
il. Anthropogenic change
iii. The interaction between them
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